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(54) Method for producing silicon single crystal wafer and silicon single crystal wafer 



(57) There is disclosed a method for produdng a sil- 
icon single crystal wafer characterized in that a silicon 
single crystal ingot in which nitrogen is doped is grown 
by Czochralski method, the single crystal ingot is sliced 
to provide a silicon single crystal wafer, arxi then the sil- 
icon single crystal wafer is subjected to heat treatment 
to out-diffuse nitrogen on the surface of the wafer, and 
the silicon single crystal wafer produced by the method; 



and oxygen precipitation is accelerated in the bulk por- 
tion of the wafer. ControlIatJe range of the depth of 
denuded zone and the bulk micro-defect density can be 
enlarged. 



a method for producing a silicon single crystal wafer 
characterized in that a silicon single crystal ingot in 
which nitrogen is doped by Czochralski method is 
grown with controlling nitrogen concentration, oxy- 
gen concentration and cooling rate, and then the 
silicon single crystal ingot is sliced to provide a 
wafer; 

a silicon single crystal wafer obtained by slicing a 
silicon single crystal ingot grown by Czochralski 
T- method with doping nitrogen characterized In that 

<^ depth of denuded zone after gettering heat treat- 

(30 ment or device fatwicating heat treatment is 2 to 1 2 

nm, and bulk micro-defect density aft r g ttering 
® heat treatment or device fabricating heat treatment 

^ is 1 X 10^ to 2 X 10^° number/cm^. 
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Ther can be provided CZ silicon wafer wherein 
generation of crystal defects on the surface of the wafer. 
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Description 

BACKGROUND OF THE INVENTION 
5 Held of the Invention: 

[0001] The present invention relates to a method for producing a silicon single crystal wafer in high productivity 
wherein a size of crystal defect inside the crystal, called grcwn-in defect, is decreased by doping nitrogen when pulling 
a silicon single aystal by a Czochralski method (hereinafter referred to as "CZ method^, and gettering ability is 
10 inrproved by subjecting the wafer to heat treatment, and the silicon single aystal wafer produced by the method. 

Description of the Related Art: 

[0002] As a wafer for fabrication of a device such as a semiconductor integrated circuit, a silicon single crystal wafer 
IS grown by a Czochralski method (CZ method) is mainly used. If crystal defects are present in such a silicon single crystal 
wafer, pattern failure is caused when a semiconductor device is fabricated. Particularly, the pattern width of devices 
which is highly integrated in recent years is very fine as 0.35 ^m or less. Accordingly, even small crystal defects as 0.1 
^m may cause defects such as pattern feilures in the device, and may remarkably lower a yield and characteristics of 
the device. Accordingly, the crystal defects in the silicon single crystal wafer have to be decreased as thoroughly as pos- 
20 sOble. 

[0003] Recently, it has been reported that the atK>ve-mentioned aystal defects called grown-ln defect incorporated 
during growth of the crystal are found in the silicon single crystal grown by CZ method by vartous measurement meth- 
ods. For exarrple. these aystal defects in a single crystal grown at a general growth rate in commercial productbn (for 
exarrple, about 1 mnVrnin or nwre) can be detected as a pit by subjecting the surface of the aystal to preferential etch- 
25 ing (Secco etching) with Secco solution (a mixture of K2Cr207. hydrofluoric acid and water) (See Japanese Patent 
Application Laid-open (kokai) No.4-192345). 

[0004] The main cause of generation of such a aystal defect is considered to be a cluster of vacancies which are 
aggregated during manufacture of single crystal or an oxide precipitate which is an agglomerate of oxygen atoms get- 
ting in from a quartz crucible. When these crystal defects are present in the surface portion in which a device is fabri- 

30 cated. they come to harmfol defect to degrade characteristics of the device. Accordingly, it is desirable to reduce these 
crystal defects to produce the wafer having a sufficiently deep denuded zone (DZ) in the surface layer. 
[0005] When heavy mefal impurity such as Fe, Cu or the like is present in the surface portion of the silicon single ays- 
tal wafer, the characteristics of the device may be degraded during fabrication thereof. Accordingly, it is important to 
r move heavy metal inpurity by intrinsic gettering (IG) wherein the bulk micro-defects are precipitated as a gettering 

35 site in a bulk portion of the silicon wafer. It is necessary to generate the bulk micro-defects (BMD) in sufficient density 
in the bulk portion of the wafer in order to make the intrinsic gettering effective. 

[0006] The bulk miaodefect used herein means miao-defects such as oxide precipitates, dislocation, stocking fault 
or the like induced by oxide predpifates. which are present in the bulk portion. 

[0007] From the above-mentioned points of view, for manufacture of silicon semiconductor wafer, the depth of 
40 denuded zone in the surface part of the wafer in which a device is fabricated and the density of bulk miao-defects in 
the bulk portion of the wafer which is to be a gettering site after gettering heat treatment or device process heat treat- 
ments are irrportent 

[0008] It has been known that tiie depth of denuded zone and the density of bulk miao<lefects depend on interstitial 
xygen concentration in the silicon single crystal grown by CZ method or cooling rate (growth rate) during growth of sil- 
45 icon single aystal. Accordingly, the deptii of denuded zone and the bulk miao-defect density of the silicon wafer have 
t>een controlled mainly by controlling oxygen concentration and cooling rate. 

[0009] For example, it is known tiiat a density of the at>ove-mentioned cluster of vacancies can be lowered by 
deaeasing a growth rate of the crysfal extremely (for exanrple. to 0.4 mm/min or less) (See Japanese Patent Applica- 
tion Laid-open (kokai) No.2-267195). However, adopting this method there is generated a crysfal defect which is con- 

50 sidered to be a disfocation loop formed as a result of new aggregation of excess interstitial silicon atoms, which may 
degrade characteristics of a device significantly. Accordingly, the problem cannot be solved by the method. Further- 
more, productivity of tiie single crystal and cost performance are extremely deaeased in the method, since the growth 
rate of tiie crystal is deaeased from about 1 .0 mm/min as usual or more to 0.4 mm/min or less. 
[001 0] In order to reduce crystal defects due to oxide precipitate in the surface portion of the wafer, there is a method 

55 of growing aystal with lowering initial oxygen concentration in the aysfal. However, in the metiiod, oxygen concentra- 
tion, arxi amount of precipitated oxygen are lowered not only in the surface portion in which tii device is fabricated, but 
also in the bulk of th wafer. When annount of precipitated oxygen is lowered in the bulk portion, intrinsic gett ring (IG) 
effect wherein harmful heavy metal or the like is captored in device process cannot be achieved, resulting in lowering a 
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yield in device fabricati n. 

[001 1] Furthermore, in the silicon single aystal wafer obtained from the silicon single crystal ingot grown by such a 
method wherein oxygen concentration and cooling rat are controlled, the size of crystal defect such as grown-in defect 
r the like is large, and thus it cannot b& liminated sufficiently by a gettering heat treatment conducted thereafter. As 

5 a result the depth of denuded zone of conventional silicon single aystal wafer gets shallow as 0.5 pm at most 

[001 2] In the conventional method, although the d nsity of bulk miao-defect after heat treatment of the wafer having 
high oxygen concentration as 20 ppma (JEIDA) is about 1x10^° number/cm^(defect/cm^), which results crystal defects 
due to oxygen remain near the surface, resulting in lowering of yield of the device. Furthermore, the density of bulk 
micro-defect after heat treatment of the wafer having oxygen concentration of 9 to 17 ppma(JEIDA) which is generally 

10 used for the device is about 1x10® number/cm^ at most, which is insufficient to make intrinsic gettering effective. 
Accordingly, there is a problem of lowering of device yield due to heavy metal Impurity on the surface of the wafer. 

SUMMARY OF THE INVENTION 

15 [0013] The present invention has been accomplished to solve the above-mentioned problems, and an object of the 
present Invention is to suppress growth of crystal defects (grown-in defects) In the silicon single crystal wafer produced 
by CZ method, especially to reduce a number of crystal defects in the surface layer, and accelerate oxygen precipitation 
in the bulk portion of the wafer, and thereby enlarge the controllable range of the depth of denuded zone and the bulk 
micro-defect density significantly, and to provide a method for producing a silicon single crystal wafer with which suffi- 

20 ctent IG effect in high productivity and easily by CZ method. 

[0014] In the specification of the present invention, two terms are used to define interstitial oxygen concentration. The 
relation thereof are as follows. 

JEIDA (ppma) x 0.8 x 10 = ASTM79 (atoms/cm^) 

25 

[0015] To achieve the atx>ve object the present Invention provides a method for producing a silicon single crystal 
wafer wherein a silicon single aystal Ingot In which nitrogen Is doped Is grown by Czochralski method, the single aystal 
ingot is sliced to provide a silicon single crystal wafer, and then the silicon single aystal wafer Is subjected to heat treat- 
ment to out-diffuse nitrogen on the surface of the wafer. 
30 [0016] As mentioned above, growth of aystal defects incorporated during growth of a single aystal can be sup- 
pressed by doping nitrogen when a single crystal ingot is grown by CZ method. Furthermore, since the growth rate of 
aystal can be inaeased as a result of suppression of growth of the crystal defects, productivity of the aystal can be 
significantly improved. 

[0017] When the wafer processed from the silicon single crystal in which nitrogen is doped as mentioned above is 
35 subjected to a heat treatment to out-diffuse nitrogen In the surface layer of the wafer, very few defects are present in the 

surface layer of the wafer, and nitrogen is out-diffused, and therefore the fabricated device is not adversely affected. 

When oxygen is also out-diffused by the heat treatment, the density of defects on the surface can be further improved. 

In the bulk portion of the wafer, oxygen precipitation is accelerated by the presence of nitrogen, so that the wafer having 

sufficient IG effect can be produced. 
40 [0018] When a silicon single crystal Ingot in which nitrogen is doped is ^own by Czochralski method, concentration 

of doped nitrogen is preferably 1 x 10^° ~ 5 x 10^^ atoms/cm^. 

[0019] Because, nitrogen concentration of 1 x 10^° atoms/cm^ or more is preferable for sufficient suppression of 
growth of crystal defects, and nitrogen concentration of 5 x 10^^ atoms/cm^ or less is preferat>le in order not to impede 
fbrrmtion of silicon single crystal. 
45 [0020] When a silicon single crystal ingot wherein nitrogen is doped is grown by Czochralski method, oxygen concen- 
tration in the single crystal ingot is preferably 1.2 x 10^® atoms/cm^ (value according to ASTM79 (15 ppma: JEIDA 
value)) or less. 

[0021] As described above, lower oxygen concentration can further suppress growth of crystal defect, and prevent 
formation of oxide precipitates in the surface layer. In the bulk portion, oxygen precipitation Is accelerated due to pres- 
50 ence of nitrogen, and thus sufficient IG effect can be achieved even when oxygen concentration is low. 

[0022] In an embodiment of the present inventton. the heat treatment for out-diffusing nitrogen on the surface of the 
wafer is conducted at a tenperature of 900 ""C to a melting point. 

[0023] When the heat treatment is conducted at a temperature in the above-mentioned range, nitrogen In the surface 
layer can be out-diffused suff icientiy. and also oxygen can be out-diffused at the same time, and thereby crystal defect 
55 in the surface layer can be extremely reduced. In the bulk portion, oxide precipitate can be grown by heat treatment, so 
thiat an ideal wafer having IG effect can t>e provided. 

[0024] In another embodiment the heat treatment for out-diffusing nitrogen on th surface of the waf r is preferably 
conducted in an atnx>sphere of oxygen, hydrog n. argon or a mixed atmosph re thereof. 
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[0025] When conducting the heal treatm nt in such an atnfX)sph re. nitrogen can b effectively ut-cfiffused without 
forming a surlac coating film which is harmful for a silicon wafer. 

[0026] Exanrple of th heat treatm nt for outKJrffusing nitrog n includ : gettering heat treatment and/or devic fabri- 
cating heat treatment. TTiey d not have to b conducted only for the purpose f out-diffusing nitrogen. 

5 [0027] The present inv ntionalsor latestoam thod of producing a silicon singi crystal wafer wherein a silicon sin- 
gle crystal ingot in which nitrogen is doped is grown by Czochralski method with controlling nitrogen concentration, oxy- 
g n concentration and cooling rate, and then the silicon single crystal ingot Is sliced to provide a wafer. 
[0028] Controlling not only oxygen concentration and cooling rate but also nitrogen doping amount as mentioned 
above, controllable range of the depth of denuded zone and the bulk micro<lefect density are significantly enlarged so 

10 that it will be possible to produce a silicon single crystal wafer with high quality that the depth of denuded zone is 2 to 
12 [im, and the bulk micro-defect density is 1 x 10^ to 2 x 10^° mwber/crrP. 

[0029] In that case, the concentration of doped nitrogen in a single crystal ingot grown by CZ method is preferably 
controlled to be 1 x 10^^ to 1 x 10^^ atoms/cm^, the oxygen concentration contained in the single crystal ingot is pref- 
erably controlled to be in the range of 9 to 1 7 ppma (JEI DA), and the rate of cooling from 1 150°C to 1 080**C is preferatrfy 

15 controlled to be in the range of from 1 .0 to 4.5 °C/min. 

[0030] When the nitrogen concentration, the oxygen concentration and the cooling rate are controlled to be in the 
above-mentioned range while silicon single crystal ingot in which nitrogen is doped is grown as mentioned above, there 
can be produced a silicon single crystal wafer in which the depth of the denuded zone is surely in the range of from 2 
to 12 urn and the bulk micro-defect density is controlled to be in the range of from 1 x 10^ to 2 x 10"'° number/cm^. 

20 [0031 ] The silicon single crystal wafer produced by a method of the present invention is. for example, a silicon single 
crystal wafer obtained by slicing a silicon single crystal ingot grown by Czochralski method with doping nitrogen wherein 
nitrogen on the surface of the silicon single crystal wafer Is out-diffused by the heat treatment. 
[0032] In the above silicon single crystal wafer, nitrogen concentration can be 1 x 10^^ to 5 x 10^^ atoms^cm^, and 
oxygen concentration can be 1.2 x 10""® atoms/cm^ (ASTM79) or less. 

25 [0033] According to the present invention, the heat treatment for out-diffusing nitrogen can be conducted at a temper- 
ature of 900 **C to a melting point, or in an atmosphere of oxygen, hydrogen, argon or a mixed atnx)sphere thereof. 
[0034] In the silicon single crystal wafer, very few crystal defects are present in the surface layer, and IG effect in the 
bulk portion can be sufficient because of oxygen precipitation. Particularly, the density of crystal defects on the surface 
of the wafer can be 30 number/cm^ or less, so that yieW of the device fabrication can be improved significantly. 

30 [0035] The silicon single crystal wafer produced by the method of the present invention is. for example, a silicon single 
crystal wafer produced by slicing the silicon single aystal ingot grown by Czochralski method with doping nitrogen 
wherein the depth of denuded zone after gettering heat treatment or device fabricating heat treatment can be 2 to 12 
^m. and the bulk micro-defect density after gettering heat treatment or device fabricating heat treatment can be 1 x 1 0^ 
to 2 X 10^° number/cm^. 

35 [0036] As descrtoed above, in the silicon single crystal wafer produced by slicing the silicon single crystal ingot grown 
by Czochralski method witii doping nitrogen, the d^Jth of denuded zone after gettering heat treatment or device fabri- 
cating heat treatment can be 2 to 12 jim, and the bulk micro-defect density after gettering heat treatment or device fab- 
ricating heat treatinent canbe1x10®to2x10^° number/cm^, namely tiiey can be conducted in the wider range 
conpared to the conventional silicon single aystal, so that there can be the silicon single crystal wafer wherein a region 

40 for fabrication of a device is wider and gettering ak)ility is higher. 

[0037] "Gettering heat treatment" is a generic term for heat treatment conducted after the grown silicon single crystal 
ingot is processed to tiie wafer and before a device process. The main purpose of the treatment is elimination of crystal 
defects near the surface by the above-mentioned out-diffusing of niti-ogen on the surface of the wafer and out<liffusing 
of oxygen impurity. "Device heat treatment" Is a generic term for heat treatment conducted in the device fabricating 

45 process after the wafer is subjected to gettering heat treatment or the like. 

[0038] In this case, nitrogen concentration in the above-mentioned silicon single crystal wafer is preferatrfy 1 x 10^^ 
tol X 10^^ atoms/cm^. 

[0039] In order to suppress growtii of defect by decreasing size of crystal defect, nitrogen concentration is preferat)ly 
1 X 10^° atoms/cm^ or more. In order not to prevent monoaystallization, nitrogen concentration is preferably 5x10^^ 
50 atoms/cm^ or less. However, the nitrogen concentration in the range of 1 x 1 0""^ to 1 xlO^^ atoms/cm^ is the most effec- 
tive for prevention of growtti of crystal defects, and tiius it is possible to decrease size of crystal defect sufficientiy. and 
to make tiie depth of denuded zone after the gettering heat treatment deep enough, when nitix)gen concentration Is In 
the range. 

[0040] In tills case, oxygen concentration of the above-mentioned silicon single crystal wafer is preferably 9 to 17 
55 ppma (JEIDA). 

[0041 ] When the oxygen concentration in the silicon singI crystal wafer is in this range, growtii of crystal defects can 
be further suppressed, and formation of oxide precipitates in th denuded zon can be prevented. In the bulk porti n, 
oxygen precipitation Is accelerated by presenc of nitrogen, so that IG effect can be suff id nt even at low oxygen con- 
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centration as 9 ppma which is the lower limit valu of the above-mentioned range. 

[0042] In this case, it is preferat)le that the atxive-mentioned silicon single crystal ingot is the single crystal ingot grown 
with controlling the rate of cooling from 1 150 °C to 1080 during growth of the crystal to be in th range of 1 .0 to 4.5 
*'C/min. 

5 [0043] If the rate of cooling from 1 150 *C to 1080 *C during growth of th aystal is in the range of 1 .0 to 4.5 °C/min, 
size of crystal defect can be deaeased sufficiently, and there can be provided a silicon singi crystal wafer wh rein the 
depth of denuded zone is 2 to 12 ^rni. and the bulk micro-defect density is 1 x 1 0® to 2 x 1 0^° number/cm^, after getter- 
ing heat treatment As far as the cooling rale is within the alx3ve-mentioned range, it is not necessary to decrease 
growth rate of the silicon single crystal so much that productivity is adversely affected. 

10 [0044] According to the present invention, generation of crystal defect in a silicon single crystal produced by CZ 
method can be suppressed by subjecting a silicon single crystal wafer in which nitrogen is doped to IG heat treatment, 
so that there can be easily produced in high productivity a silicon single crystal wafer wherein defects in the surface 
layer of the wafer are very few and oxygen precipitation is accelerated in the bulk portion to impart sufficient IG effect. 
[0045] Furthermore, the depth of denuded zone after gettering heat treatment in the range of 2 to 12 fim can be 

IS achieved by growing silicon single crystal in which nitrogen is doped by Czochralski method, and controlling the nifro- 
gen concentration and the oxygen concentration in the CZ crystal and the cooling rate during growth of tiie crystal. The 
bulk micro<lefect density after gettering heat treatment or device fabrication can be controlled in a wide range as 1 x 
10® to 2 X 10^° nun*)er/cm^. Accordingly, the silicon single crystal wafer of ttie present invention has wide device fabri- 
cated region and high gettering effect so that industrial value thereof is quite high. 

20 

BRIEF DESCRIPTDN OF THE DRAWINGS 
[0046] 

25 Fig. 1 is a graph showing a result of measurement of a pit density on the surface of the wafer by observing with a 
microscope after Secco etching in Examples and Comparative Examples, and an effect of heat treatment (black cir- 
cles show ttie result of tfie present mettiod wherein nitrogen is doped, white circles show tiie results of a conven- 
tional metiiod wherein nitrogen is not doped). 

Fig. 2 is a graph showing a result of measurenrent of oxide dielectric breakdown voltage characteristic (C-nrxxle) of 
30 a wafer after heat treatment. 

Fig. 3 is a graph showing the depth of denuded zone and the bulk micro<lefect density of ttie silicon single crystal 
wafers produced with vark>us parameters. 

Fig. 4 is a schematic view of crystal defects and oxide precipitates in a silicon single crystal wafer, (a) shows inside 
of ttie wafer of ttie present invention, (b) shows inside of the wafer produced by the conventional metfxxl. 

35 

DESCRIPTION OF THE INVENTION AND EMBODIMENT 

[0047] The present invention will now be descrit>ed in more detail. However, the invention is not limited thereto. 
[0048] The inventors have found that a silicon single crystal wafer wherein the anrount of crystal defects in a device 
40 fabricating layer (the surface layer of tiie wafer) is small and IG effect is high, can t>e obtained in high productivity by 
confining a technology of doping nrti'ogen while a silicon single crystal is grown by CZ method, and a technology of 
imparting IG effect to the silicon single crystal wafer by subjecting it to heat treatment, and have accomplished ttie 
present invention by studying the conditions. 

[0049] The present invention has also been accomplished based on the finding that a controllable range of the depth 
45 of denuded zone and the bulk mrcro-defect density can extremely be enlarged by controlling nitrogen concentration in 
the silicon single crystal in addition to oxygen concentration and cooling rate which are controlled in a conventional 
method. 

[0050] In conventional technique, ttie depth of denuded zone and ttie bulk micro-defect density can be cortrolled only 
in a quite nanow range. Fig.3 is a graph showing the depth of denuded zone and ttie bulk micro-defect density at each 
50 value of parameter such as oxygen concentration. 

[0051] As shown in Fig. 3. it is possible to control the deptti of denuded zone only in the narrow range of 0 to 0.5 pm, 
and ttie bulk micro-defect density only in the narrow range of 8 x 10® to 1 xlO^ numt)er/cm^ in the wafer having oxygen 
concentration of 9 to 17 ppma even when oxygen concentration and cooling rate are varied as in ttie conventional 
method. 

55 [0052] The cause thereof was found to be in the size of aystal defect, tiie size of oxide precipitate and the density 
thereof. 

[0053] Rg.4(a). (b) ar schematic views showing crystal defects, oxide precipitates in a silicon single crystal wafer. 
Fig.4(b) shows inside f a mi&r produced by a conventional method. As shown in Fig.4(b). in the wafer produced by 
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the conventi nal method, the density of crystal defect is low, and the number f defect is small, but crystal defects hav- 
ing large size are gen rated. TTie crystal defect having a large size cannot be removed sufficiently by th subsequent 
gettering heat treatment, and makes the denuded zone shallow. Furthermore, in the above-mentioned wafer, the den- 
sity of oxide precipitate in the bulk portbn is low, and a siz th reof is small, and th refore gettering ability is low. 

5 [0054] The inventors of the present invention have thought of doping nitrogen while a silicon single crystal is grown 
tjy CzochralsW method, and controlling the amount thereof. The depth of denuded zon and the bulk micro-defect den- 
sity at each parameter of the silicon single crystal wafer of the present invention are shown in Rg.3. Fig.3 shows ttiat it 
is possible in the wafer of the present invention to control the depth of denuded zone in the wide range as 2 to 12 ^m, 
and the bulk miao-defect density in the wide range as 1 x 10^ to 2 x 10^° nunnber/cm^. 

10 [0055] Fig.4(a) shows inside of the wafer of the present invention. As shown in Rg.4(a), in the wafer produced by the 
method of the present invention, the size of generated crystal defect is small, although the density cf crystal defect is 
high and the number of defect is large. Such a aystal defect having small size can be easily removed by the subsequent 
g ttering heat treatment or the like. Accordingly, the depth of denuded zone can be significantly increased compared to 
the conventional wafer. 

IS [0056] Furthernrore, a large amount of oxide precipitates having large size which are hardly dissolved by the gettering 
heat treatment are precipitated in tiie bulk portion of the wafer so that far higher gettering effect can be obtained com- 
pared to the conventional wafer 

[0057] The silicon single crystal of the present invention has these features because nitrogen is doped therein in an 
amount controlled adequately. Namely, it is reported that agglomeration of vacancies in the silicon is suppressed when 

20 nitrogen is doped in a silicon single crystal so that a size of a crystal defect is decreased (T. Abe and H. Takeno, Mat. 
Res. Soc. Synp. Proc. Vol. 262, 3. 1992). It is considered that ttie effect can be achieved with a result that vacancy 
agglomeration process is transited from honx)genous nuclei formation to heterogeneous nuclei formation. Accordingly, 
th silicon single crystal having very small crystal defect can be obtained by growing a silicon single crystal by CZ 
method with doping nitrogen, and ttius the silicon single crystal wafer having very small crystal defect can be obtained 

25 by processing it According to the method, it is not always necessary to decrease growth rate of crystal, not as in the 
conventional method, and thus a silicon single crystal wafer can be produced in high productivity. 
[0058] It is known tiiat a nitrogen atom in the silicon single crystal accelerates oxygen precipitation during the growth 
of the crystal (for example, in R Shimura and R. S. Hockett. Appl. Phys. Lett. 48, 224, 1986). Accordingly, the density of 
oxide precipitate can be increased, and the gettering effect of the silicon single crystal wafer can be improved by doping 

30 nitrogen in a proper anx)unt. 

[0059] However, when nitrogen is doped in the silicon single crystal grown by CZ method, there are caused a lot of 
defects due to oxygen precipitation such as OSF (oxidation-induced stacking fault) in tiie device fabricating layer by 
heat freatment in the device process or the like. Accordingly, CZ silicon single crystal wafer in which nitrogen is doped 
has not been conventionally used as a wafer for fabrication of the device. 

35 [0060] In the present invention, with enjoying an advantage that crystal defect (grown-in defect) hardly grows when 
nitrogen is doped in the crystal, defects due to accelerated oxygen precipitation can be prevented by out-diffusing nitro- 
g n with heat treatment to succeed In obtaining a silicon single crystal wafer having a very small amount off crystal 
defects on the surface of the wafer. According to the present invention, oxygen precipitation is accelerated due to nitro- 
g n contained in a bulk portion of the wafer, and thus wore precipitates are present in the wafer of the present invention 

40 than the ordinary wafer containing no nitrogen and having the same oxygen concentration, and thus IG effect is 
enhanced. Accordingly, oxygen concentration can be reduced in the present wafer, so that generation of crystal defects 
on the surface can be further suppressed. 

[0061 ] Furthermore, there can be obtained an advantage of high productivity, since it is not necessary to reduce tiie 
pulling rate of crystal in CZ method. 
45 [0062] The reason why growth of crystal defect generated in silicon can be suppressed by doping nitrogen in silicon 
single crystal is considered to be tiiat vacancy aggtomeration process is transited from honrx)genous nuclei formation 
to heterogeneous nuclei formation as desait>ed atx>ve. 

[0063] Accordingly, concentration of nitrogen which is doped is preferably 1 x1 0^** atoms/cm^ or more at which heter- 
ogeneous nuclei formation is caused sufficientiy. Furthermore, when nitrogen concentration is more than 5 x 10^^ 
50 atom/cm^ which is solid solubility of nitrogen in silicon single aystal, monocrystallization of single crystal nray be inhib- 
ited. Accordingly, the concentration is controlled so as not to exceed the value. 

[0064] Furttiermore. the inventors of the present invention have further studied the concentration of nitrogen, and 
found that the most effective nitrogen concentration for controlling tiie deptii of denuded zone and the bulk micro-defect 
d nsity is in ttie range of 1 x 10^° to 5 x 10^^ atoms/cm^ , especially in tiie range of 1 x 10^^ to 1 x 10^^ atoms/cm^. 
55 Because, relatively high concentration of doped nitrogen as in tiie atxive-mentioned range makes it possil)le to control 
easily the deptii of denuded zone and tiie bulk micro-defect density in the rang of tiie present invention. 
[0065] Furth rmore. the inventors of the present invention have found that it is preferable to control oxygen concen- 
tration in tiie range of 9 to 1 7 ppma (JEIDA), especially 15 ppma or less, in rder to control tiie alxjv -mentioned depth 
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of denuded z ne and the bulk micro-defect density in the range of the present inv ntion. When oxygen concentration is 
17 ppma or less, especially 15 ppma or less, harmful oxid precipitate is not formed in the d nuded zone in which a 
device is fabricated after the wafer is processed. When oxygen concentration is 9 ppma or more, problems of shortage 
of oxide precipitates, lowering of gettering effect or low ring of crystal strength are not caused. Accordingly, oxygen 

5 concentrati n of the silicon single crystal wafer is preferably in the rang of 9 to 17 ppma. 

[0066] Furthermore, the inventors of th pres nt invention have found that it is preferably to control a rat of cooling 
of from 1 1 50 °C to 1080 **C in the range of 1 .0 to 4.5 °CAnin in order to control the depth of denuded zone and the bulk 
micioKlefect density in the range of the present invention. Because, size of crystal defect is influenced by time of pass- 
ing through the agglomerating temperature range of vacancies. When the cooling rate is 1 .0 **C/min or higher, a size of 

10 crystal defect can be decreased. When the cooling rate is 4.5 **C/min or lower, dislocation-free crystal can be grown. 
Accordingly, the cooling rate is preferably controlled in the range of 1 .0 to 4.5 °C/min in order to control the above-men- 
tioned value in the range of the present invention. 

[0067] In the present invention, a silicon single crystal ingot in which nitrogen is doped can be grown by CZ method 
according to the knowm method such as disclosed in, for example, Japanese Patent Application Laid-open (kokai) No 
15 60-251190. 

[0068] Namely, in CZ method comprising contacting a seed crystal vnth a melt of polycrystalline silteon raw material 
contained in a quartz crucible, pulling it with rotating to grow a silicon single crystal ingot having an intended diameter, 
nitrogen can be doped in a silicon single crystal by placing nitride previously in the quartz crucible, adding nitride into 
the silicon melt, or by using an atmosphere gas containing nitrogen. A doping amount in the crystal can be controlled 

20 by controlling an amount of nitride, concentration or time of introduction of nitrogen gas. For example, nitrogen concen- 
tration can be easily controlled in the above-mentioned range of 1 x 10^^ to 1 x 10^^ atoms/cm^. 
[0069] As descn*bed above, growth of crystal defect introduced during growth of crystal can be suppressed by doping 
nitrogen while a single crystal ingot is grown by CZ method. Furthemrore. it in not necessary to reduce a growth rate of 
crystal to. for example, 0.4 mm/min or less for suppression of generation of crystal defect, so that productivity of crystal 

25 can be improved significantly. 

[0070] TTie reason of why growth of crystal defect introduced in silicon can be suppressed is considered to be that 
vacancy agglomeration process is transited from homogenous nuclei formation to heterogeneous nudei formation. 
[0071] Accordingly, concentration of nitrogen which is doped is preferably 1x10^° atonr^cm^ or more, especially 
1 x10^2 atoms/cm^ or more. Generation of crystal defect is thereby suppressed sufficiently. 

30 [0072] Furthermore, when nitrogen concentration is more than 5x10^^ atom/cm^ which is solid solubility of nitrogen 
in silicon single crystal, monocrystallization of single crystal is inhibited. Accordingly, the concentration is controlled so 
as not to exceed the value, especially so as to be 1 x 10^^ atom/cm^ or less. 

[0073] When a silicon single crystal ingot in which nitrogen is doped is grown by CZ method in present invention, oxy- 
gen concentration contained in a single crystal ingot is preferat>ly controlled in the range of 9 to 1 7 ppma(JEIDA), espe- 

35 daily to be 1.2 x 10^^ atoms/cm^ (15 ppmaJEIDA) or less. 

[0074] Oxygen concentration can be lowered so as to fall in the atxjve range by a conventional method, when a silicon 
single crystal ingot is grown. For exanple. oxygen concentration can be easily controlled to fall in the above mentioned 
range by redudng the number of rotation of a crudWe. increasing gas volume of flowing, lowering an atmosphere pres- 
sure, controlling temperature distribution and convection off a silicon melt or the like. 

40 [0075] As merrtioned above, a cooling rate during growth of the crystal when growing a silicon single crystal ingot by 
CZ method in which nitrogen is doped is controlled to be in the range of 1 .0 to 4.5 °C/min. 

[0076] TTie above-mentioned condition of producing crystal can be achieved, for example, by increasing or decreasing 
growth rate of aystal by controlling pulling rate of crystal. Alternatively, there can be provided an apparatus for cooling 
the crystal in any cooling rate in a chamber of an apparatus for produdng a silicon single crystal by CZ method. Such 
45 an apparatus may be an apparatus which cools aystal by spraying a cooling gas thereto, or a water cooled ring which 
is provided so as to surrounding a crystal at a predetermined position above the melt. In this case, the cooling rate can 
be controlled in the above-mentioned range by controlling the above-mentioned coding method and the pulling rate of 
the crystal. 

[0077] The silicon single crystal ingot wherein nitrogen is doped in a desirable concentration, oxygen is contained in 
50 a desirable concentration and crystal is grown at desiral)le coding rate in CZ method can be thus obtained. After it is 
sliced with a slicing apparatus such as an inner diameter blade slrcer, a wire saw or the like, it is subjected to processes 
such as chamfer, lapping, etching, polishing or the like to be a silicon single crystal wafer. Of course, such processes 
are merely examples, and other processes such as deaning or the like can be conducted, and process can be changed 
appropriately depending on tiie purpose, namely, order of processes can be changed, and some processes can be 
55 omitted. 

[0078] Then.th silicon singi crystal wafer is subjected to. for example, gettering heat treatm nt and/or devrce fab- 
ricating heat treatm nt to out-diffuse nitrogen in th surface layer of the wafer. 

[0079] Out-diffusing of nitrogen n the surface of the wafer is conducted in order t prevent th fabricated devic from 
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being adversely affected by oxide precipitated In the device fabricating region in the surfac layer of the wafer due to 
the oxygen predprtalion accelerating effect of nitrogen, and defect caused thereby. It can lower defects extremely in th 
surface layer of the wafer together with the aystal defects suppressing effect of nitrogen during growth of the crystal. 
[0080] In this case, diffusion rat of nitrogen in silicon is far faster than that of oxyg n, nitrogen on the surface can be 
5 outKlrffused sur ly by heat treatment. 

[0081 1 Specifically, heat treatmerrt for out-diffusing of nitrogen on the surface of the wafer is pref rably conducted at 
a temperature of from 900 **C to a melting point of silicon. 

[0082] By conducting heat treatment at temperature in the above-mentioned range, nitrogen in the surface layer of 
the wafer can be out-diffused sufficiently, and oxygen can be out-diffused at the same time, so that generation of defects 

10 due to oxide precipitates in the surface layer can be prevented almost completely. 

[0083] A wafer having IG effect can be obtained since oxide precipitate can be grown in the bulk portion by the above- 
mentioned heat treatment. Particularly, since oxygen precipitation is accelerated due to presence of nitrogen in the 
present invention. IG effect is also improved, and thereby sufficient IG effect can be achieved even in the silicon wafer 
having low oxygen concentration. 

75 [0084] The heat treatment at temperature at 900 *'C to a melting point of silicon can be conducted in one step or in 
several steps. It can l)e conducted in corrt>ination with other heat treatment. For exarrple, after the alxjve-mentioned 
heat treatment at 900 "C to a melting point of silicon, low temperature heat treatment at atx)ul 650 °C to 800 °C can be 
conducted. Oxide precipitate in the txjik portion can be thereby grown so that IG effect can be higher. 
[0085] The heat treatment for out-diffusing of nitrogen on the surface of the wafer is preferably conducted in an atmos- 

20 phere of oxygen, hydrogen, argon or a mixed atmosphere thereof. 

[0086] When the heat treatment is conducted in such an atmosphere, nitrogen can be effectively out<liffused without 
forming a surface coating film which is harmful to a silicon wafer. Particularly, when the high temperature heat treatmerrt 
is conducted in a reducing atmosphere such as hydrogen , argon or a mixed atmosphere thereof, crystal defects on the 
surface of the wafer can be easily eliminated. 

25 [0087] As mentioned above, there can be obtained the silicon single crystal wafer grown by CZ method with doping 
nitrogen of the present invention wherein nitrogen on the surface of the silicon single crystal wafer is out-diffused by 
heat treatment, the depth of denuded zone is 2 to 12 nm. and the bulk micro-defect density is in the range of from 1 x 
10® to 2 X 10^° number/cm^ 

[0088] Since such a silicon single crystal wafer contains very little crystal defects in the surface layer which is a device 
30 fabricating layer, and has deep denuded zone, device can be designed freely. Furthernrwre. sufficient oxide precipitate 
is present in the bulk portion so that IG effect can be high. Particularly, since the density of crystal defect on the surface 
of the wafer can be 30 number/cnf or less, yield on the device fal>rication can be improved significantly. 

[Examples] 

35 

[0089] The folbwing examples and conrparative examples are being submitted to further explain the present inven- 
tion. These examples are not intended to limit the scope of the present invention. 

(Example 1. Comparative Example 1) 

40 

[0090] In accordance with CZ method, 40 kg of polycrystalline material of silicon was charged into a quartz crucit}le 
having a diameter of 18 inches, ten single crystal ingots of silicon having a diameter of 6 inches and orientation < 100) 
w re pulled, while the pulling rate was varied over the range between 0.8 mm/min and 1 .5 mm/min as usual value. Five 
of them were pulled while silicon wafer having 0.12 g of silicon nitride film is previously charged. Other five of them were 
45 pulled without doping nitrogen. The numljer of rotation of the crucible was controlled so that oxygen concentration in 
the single crystal is 0.9 to 1 .0 x 1 0 ^ ® atoms/cm^ (ASTM79) when pulling any of them. 

[0091 ] Nitrogen concentration in the tail part of the crystal ingots in which n'rtrogen was doped as measured by FT-IR 
was 5.0 X 10^"^ atoms/cm^ on the average (segregation coefficient of n'rtrogen is very small, concentration in the txxly 
of the crystal ingot will be lower than the value). Oxygen concentration of all crystal ingots as measured by FT-IR was 

50 approximately 0.9 to 1 .0 x1 0 ^ ® atoms/cm^ in any of them. 

[0092] The wafers were sliced from the single crystal ingot thus obtained with a wire saw. and subjected to chamfer- 
ing, lapping, etching, and minor polishing. All of them were produced in almost the same condition except that nitrogen 
is doped or not Two kinds of silicon single crystal min-or polished wafer having a diameter of 6 inches were produced. 
[0093] The silicon single crystal wafer thus obtained was subjected to Secco etching, pit density was measured by 

55 obsen^ing the surface thereof with a microscope to determine a density of crystal defect (grown-in defect) existed from 
th surface to 5 ^ in depth. 

[0094] Th results wer shown in Rg.1 . Black circles repres nt the result as for the method of th present inv ntion. 
White circles represent the result as for th conventbnal method. 
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[0095] The result shows that the density of crystal defect of the wafer In which nitrogen was doped obtained by th 
method of the present invent! n was decreased to ne twentieth of th density of the wafer obtained by the conv nti nal 
method, even though it was pulled at a pulling rate of 1 .0 mm/min or more which is the same as in the conv ntional 
method or more. Namely, it Is apparent that gen ration and growth of the crystal defects is suppressed by doping nitro- 
gen. 

[0096] Then, the wafers were subjected to heat treatment at 1000 **C for 10 hours to out<liffuse nitrogen or oxygen 
on the surface of the wafer and precipitate oxygen in the bulk portion. It was conducted in an atmosphere of 100% oxy- 
gen, 100% argon. 100% hydrogen, or a mixed atmosphere of 50% argon and 50% hydrogen. 
[0097] The wafer subjected to the above heat treatment was then subjected to Secco etching, and pit density was 
measured again by observing the surface thereof with a microscope to determine whether density of crystal defect was 
changed or not 

[0098] The results in the case that nitrogen was doped were plotted in Rg. 1 . 

[0099] The result shows that the density of crystal defect on the surface of the wafer in which nitrogen was doped was 
decreased to about 20 number/cnf or less by the heat treatment at 1000 **C. 

[0100] Namely, nitrogen and oxygen are out-diffused by the heat treatment so that the crystal defect on the surface 
of the wafer was eliminated. Particularly, density of crystal defect on the surface of the wafer can be surely lowered to 
30 number/cm^ or less. 

[0101] Then, oxide dielectric breakdown voltage characteristics (C-nxxle) of the wafer subjected to the above heat 
treatment was measured. 

[0102] Oxide dielectric breakdown voltage characteristics (C-mode) was measured under the following condition: 
thickness of the oxide film: 25nm. electrode for measurement: phosphorus doped polysilicon. electrode area: 8 mm^, 
electric current density in decision: 1 mA/cm^. 

[0103] Generally, the wafer having dielectric breakdown electric field of 8 MV/cm or more is defined as a good chip. 
The result of measurement was shown in Fig.2. 

[01 04] The silicon single crystal wafer of the present invention which contains doped nitrogen and Is subjected to the 
heat treatment, as shown in curved lines A to D, can be good chips having oxide dielectric breakdown voltage of 8 
mV/cm or more in high percentage in any heat treatment atmosphere. According to the conventional methiod, as shown 
in curved line E. fail chips having oxide dielectric breakdown voltage less than 8 mV/cm are produced in a rate of about 
70%. 

[01 05] The wafer subjected to the above heat treatment was then cleaved, and the cleaved surface (the section of the 
wafer) was subjected to Secco etching, and density of oxide precipitates (pit density) in the bulk portion was measured 
again by observing the cleaved surface thereof with a microscope. . 

[0106] The pit density of the conventional wafer in which nitrogen is not doped was atwut 5 x 10^ to 5 x 10^ 
number/cnf . while the pit density of the wafer of the present invention was about 1x10* number/cm^ or more. Namely, 
the wafer having sufficient IG effect even when oxygen concentration is low can be produced by the method of the 
present invention. 

(Example 2, Comparative Example 2) 

[0107] In accordance with CZ method, polycrystalline material of silicon was charged into a quartz crucible having a 
diameter of 1 8 inches, twelve single crystal ingots of p-type having a diameter of 6 inches, crystal orientation ( 100 > and 
resistiviy of 10 n • cm were pulled with varying the doping amount of nitrogen, the oxygen concentration and the cool- 
ing rate. 

[0108] The doping amount of nitrogen was controlled by charging silicon wafer having silicon nitride film previously in 
a predetermined amount The oxygen concentratron was controlled by controlling the number of rotation of the crucible. 
The cooling rate was controlled by varying the pulling rate of the single crystal ingot to vary a growth rate of the crystal. 
[01 09] The wafers were sliced from the single crystal ingot thus ot)lained with a wire saw, and sU^ected to chamfer- 
ing, lapping, etching, and mirror polishing. All of them were produced in almost the same condition except the doping 
anrount of nitrogen, the oxygen concentration and the cooling rate. Twelve kinds of silicon single crystal mirror polished 
wafers having a diameter of 8 inches were produced plurally each. 

[0110] The silicon single crystal wafer thus obtained was subjected to gettering heat treatment. The gettering heat 
treatment is conducted by heating the silicon single crystal wafer to 1200 *C at a rate of elevating temperature of 6 
°C/min in an atmosphere of 50% hydrogen and 50% argon, and keeping it at 1200 °C for 60 minutes, and cooling it at 
a rate of deaeasing tenperature of 3 ""C/min. 

[01 1 1 ] Then, twelve kinds of silicon single crystal wafers thus obtained were evaluated as for the depth of denuded 
z ne. Evaluation of the depth of denuded zone was conducted as follows. The surface of th wafers w re polished to 
prepare the wafers each polished at a differ nt stock removal. Then, th wafer was cleaned with SC-1 mixed sduti n 
(a mixed solution of aqueous amnrronia (NH4OI-I) and hydrogen hydroperoxide (H2O2) and super pure water in 1 :1 :20) 
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at 80 **C for one hour to reveal fine COP (Crystal Originated Particle) and a number of COP having a size of 0.10 urn r 
more on th surface of the wafer was measured by counting the numb r of COP with SP1 particle count r manufac- 
tured by KLA/Tencor. Polishing was conducted so that stock removal is inaeased ev ry 1 jim to 12 jim. 
[01 1 2] "men, the depth of d nuded zone was also appreciated by evaluating oxide dielectric breakdown voltage char- 

5 act ristics of wafers each polished at a (fiffererit stock removal as described above. The oxid dielectric breakdown volt- 
age characteristics was evaluated by C-mode yield of TZDB (Tim Zer Dielectric Breakdown), mor specifically by 
manufacturing a phosphorus doped polysilicon electrode (thickness of the oxide film: 25nm, electrode for measure- 
ment: phosphorus doped polysilicon, electrode area: 8 mnf). and evaluating at electric cun-ent density in decision of 1 
mA/crri^. The wafer having dielectric breakdown electric f iekJ of 8 MV/cm or more is defined as a good chip. The good 

w chip yield in the case that measurement is conducted with one hundred electrodes on the surface of the wafer is defined 
as C-mode good chip yiekl. 

[0113] Y-mode yieW of TDDB (Time Dependent Dielectric Breakdown) was also evaluated. It is conducted by manu- 
facturing a phosphorus doped polysilicon electrode (thickness of the oxide film: 25nm. electrode area: 4 mrn^. and 
sending stress electric current of 0.01 mA/cm^. The wafer wherein dielectric breakdown occurs at a charge amount of 
15 25 C/cm^ or more was evaluated to be a good chip. The good chip yield in the case that measurement is conducted 
with one hundred electrodes on the surface of the wafer is defined as y-nxxie good chip yield. 
[01 1 4] When the good chip yiekJ is 90 % or more in evaluation of both TZDB and TDDB. it was defined as the denuded 
zone. 

[0115] Thereafter, these twelve kinds of silicon single crystal wafers were subjected to the heat treatment which is 
20 similar to a device heat treatment. The heat treatment was earned out by subjecting the silicon single aystal wafer to 
the heat treatrrtent at 800 °C in an atmosphere of nitrogen for 4 hours and then oxidizing heat treatment at 1 000 **C for 
16 hours. 

[01 1 6] Then, these twelve kinds of silicon single crystal wafers were evaluated as for the bulk micro-defect density. 
The bulk micro-defect density vi«s measured by OPP (Optical Precipitate Profiler) method. The OPP method is an 

25 applied method of Normalski type differential interference miaoscope. In the method, laser beam from light source is 
separated to two orthogonal polarized straight beams of which phases are 90 degree different from each other through 
use of a polarizing prism, which then enter the wafer from the side of mirror polished surface. At this time, when one of 
the beams crosses a defect, phase shift occurs to form phase contrast witii the other beam. The defect is detected by 
detecting the phase contrast vwth a polarization analyzer after the b>eams transmit from the back surface of the wafer. 

30 [01 1 7] The results thus obtained are shown in Table 1 . Evaluation of tiie depth of denuded zone was conducted as 
follows. The deptii at which the number of COP in tiie surface of the wafer is less than 1 00 was defined as the depth of 
denuded zone in the evaluation accorcfing to the number of COP, and ttie depth at which the good chip yield is 90 % or 
nrK)re was defined as the depth of denuded zone, in the evaluation according to oxide dielectric breakdown voltage char- 
acteristics. 

35 



Table 1 
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density 
(number/cm^) 


45 








Evaluation by 
number of COP 


Evaluation by 
oxide dielectric 
breakdown volt- 
age 






3x10^^ 


2.3 


10 


12 


12 










14 


6 


6 










16 


2 


3 


9x1 6^ 


50 




3.5 


10 


12 


12 


2x16^ 








14 


12 


7 


9x16^ 








16 


12 


5 


1x10^0 


55 


3x10^2 


2.3 


14 


2 


3 


1x16^ 






3.5 


12 


9 


6 










16 


6 


3 


9xl6^ 



10 



EP 0942 078 A1 



Tab! 1 (continued) 



Nitrogen Con- 
centration 
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tration (ppma 
JEIDA) 


Depth of denuded zon (^m) 
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(numb r/cm^) 
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2x10^2 
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7x10^ 
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2.3 


14 


0.3 


0.5 


2x10^ 




3.5 


10 


0.1 


0.5 


5x10^ 



75 

[0118] Table 1 shows that the depth of denuded zone and the bulk micro-defect density of the wafer produced from 
the single crystal grown with controlling nitrogen concentration according to the present invention are improved signifi- 
cantly compared to the conventional wafer produced with controlling only oxygen concentration and cooling rate. The 
lower value between the depth of denuded zone evaluated by the number of COP and that evaluated by the oxide die- 

20 lectric breakdown voltage was defined to be the depth of denuded zone, and plotted in Fig.3. Fig.3 shows that the con- 
trollable range of the depth of denuded zone and the bulk micro<lefect density of the wafer of the present invention 
produced in Example is far enlarged compared to that of the conventional wafer produced in Comparative Example. 
[01 1 9] The present invention is not limited to the above-described embodiment. The above-described embodiment is 
a mere example, and those having the substantially same structure as that described In the appended claims and pro- 

25 viding the similar action and effects are included in the scope of the present invention. 

[0120] For example, when silicon single crystal Ingot in which nitrogen is doped Is grown by Czochralski method, a 
magnetic field may be applied to a melt or not In the specification of the present invention, the term of Czochralski 
method also means so-called MCZ method wherein a magnetic field is applied. 

[01 21 ] Furthermore, although it was shown above that lower density of crystal defect can be achieved when oxygen 
30 concentration Is low, the present invention is not limited thereto, and can achieve the effect even when oxygen concen- 
tration is high as 1 .2 to 1 .5 xlO^^ atoms/cm^ (15 to 1 7 ppma JEIDA), or more. 

[0122] The gettering heat treatment and the device fabricating heat treatment desaibed above are also mere exam- 
ples. They can t>e appropriately modified depending on a nwde of a device to be fabricated or the like. 

35 Claims 

1. A method for producing a silicon single crystal wafer characterized in that a silicon single crystal ingot in which 
nitrogen is doped is grown by Czochralski method, the single crystal ingot is sliced to provide a silicon single aystal 
wafer, and then the silicon single crystal wafer is subjected to heat treatment to out-diffuse nitrogen on the surface 

40 of the wafer. 

2. The method for producing a silicon single crystal wafer according to Claim 1 characterized in that concentration of 
nitrogen doped in a single crystal ingot is 1 x 10^° to 5 x 10^ ^ atoms/cm^ when a silicon single crystal ingot in which 
nitrogen is doped is grown by Czochralski method. 

45 

3. The method for producing a silicon single crystal wafer according to Claim 1 or 2 characterized in that oxygen con- 
centration in the single crystal ingot is 1 .2 x 10^® atoms/cm^ or less when a silicon single crystal ingot in which nitro- 
gen is doped is grown by Czochralski method. 

50 4. The method for producing a silicon single crystal wafer according to any of Claims 1 to 3 characterized in that the 
heat treatment for out-diffusing nitrogen on the surface of the wafer is conducted at a temperature of 900 °C to a 
melting point of silicon. 

5. The method for producing a silicon single crystal wafer according to any of Claims 1 to 4 characterized in that the 
55 heat treatment for out-diffusing nitrogen on the surface of the wafer is conducted in an atmosphere of oxygen, 

hydrog n, argon or a mixed atmosphere thereof. 

6. A method for producing a silicon single crystal wafer characterized in that a silicon single crystal ingot is produced 
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by growing a silicon single crystal ingot in which nitrogen is doped by Czochralski method with controlling nitrogen 
concentration, oxygen concentration and cooling rate, and then th silicon single crystal ingot to provide a wafer is 
sliced. 

7. The method for producing a silicon singi crystal waf r according t Claim 6 characterized in that concentrati nof 
nitrogen doped in a single crystal ingot is 1 x 10''^ to 2 x 10^^ atoms/cm^ when a silicon single aystal ing t in which 
nitrogen is doped is grown by Czochralski method. 

8. The method for producing a silicon single crystal wafer according to Claim 6 or 7 characterized in that oxygen con- 
centration contained in the single crystal ingot Is controlled to be in the range of 9 to 1 7 ppma when a silicon single 
crystal ingot in which nitrogen is doped is grown by Czochralski method. 

9. The method for producing a silicon single crystal wafer according to any of Claims 6 to 8 characterized in that the 
rate of cooling from 1 1 50°c to 1 080**C is controlled to be in the range of from 1 .0 to 4.5 *C/min when a silicon single 
crystal ingot in which nitrogen is doped is grown by Czochralski method. 

10. A silicon single crystal wafer produced by a method of Claims 1 to 9. 

11. A silicon single crystal wafer produced by slicing a silicon single crystal ingot grown by Czochralski method with 
doping nitrogen characterized in that nitrogen on the surface of the silicon single crystal wafer is out-diffused by 
heat treatment. 

12. The silicon single crystal wafer according to Claim 1 1 characterized in that concentration of nitrogen doped in the 
silicon single crystal wafer is 1 x 10^° to 5 x 10^^ atoms/cm^. 

1 3. The silicon single crystal wafer according to Claim 11 or1 2 characterized in that oxygen concentration in the silicon 
single crystal wafer is 1 .2 x 10^^ atoms/cm^ or less. 

1 4. The silicon single crystal wafer accordng to any of Claims 1 1 to 1 3 characterized in that the heat treatment for out- 
diffusing nitrogen on the surface of the wafer is conducted at a temperature of 900 ^'C to a melting point of silicon. 

1 5. The silicon single crystal wafer accordng to any of Claims 1 1 to 1 4 characterized in that the heat treatment for out- 
diffusing nitrogen on the surface of the wafer is corxJucted in an atmosphere of oxygen, hydrogen, argon or a mixed 
atmosphere thereof. 

16. The silicon single crystal wafer according to any of Claims 11 to 15 characterized in that the density of the crystal 
defects on the surface of the wafer is 30 number/cm^ or less. 

1 7. A silicon single crystal wafer obtained by slicing a silicon single crystal ingot grown by Czochralski method with dop- 
ing nitrogen characterized in that depth of denuded zone after gettering heat treatment or device fatxicating heat 
treatment is 2 to 1 2 jxm, and txilk micro-defect density after gettering heat treatment or device fabricating heat treat- 
ment is 1 X 10^ to 2 X 10^° number/cnrp. 

18. The silicon single crystal wafer according to Claim 17 characterized in that nitrogen concentration in the silicon sin- 
gle crystal wafer is 1 x 10^^ to 1 x 10^^ atoms/cm^. 

1 9. The silicon single crystal wafer according to Claim 1 7 or 1 8 characterized in that oxygen concentration in the silicon 
single crystal wafer is 9 to 1 7 ppma. 

20. The silicon single crystal wafer according to any of Claims 17 to 19 characterized in that the silicon single crystal 
ingot is grown with controlling the rate of cooling from 1 150^C to 1080°C during growth of crystal to be in the range 
of from 1 .0 to 4.5 °C/min. 
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FIG. 3 
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DEPTH OF DENUDED ZONEt/xm) 

■ NITROGEN CONCENTRAION 3 x 10** aloms/cm', COOLING RATE 2.3»C/min 

♦ NITROGEN CONCENTRAION 3x10•*atoms/cm^ COOUNG RATE 3.5"C/ mln 
A NITROGEN CONCENTRAION 3 x 10" atoms/cm'. COOLING RATE 2.3»C/mln 
▼ NITROGEN CONCENTRAION 3x lo"atoms/cm', COOLING RATE 3.5"C/min 
X NITROGEN CONCENTRAION 2x 10'*atoms/cm^ COOLING RATE 3.5X/ min 
O WITHOUT DOPING NITROGEN. COOLING RATE 2.3'C/min 

• WITHOUT DOPING NITROGEN. COOLING RATE 3.5'C/min 
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